Abstract:
INTRODUCTION

52
Finger millet (Eleusine coracana L.) is grown worldwide in more than 4 m ha, and is the 53 staple food for millions of people in less developed countries of Africa and Asia (1). It is rich in 54 calcium, phosphorus, iron, and amino acids like -cysteine, tyrosine, tryptophan, and methionine 0.10 % organic carbon (OC), 4.11 g kg -1 of P and 18.57 g kg-1 K, pH 8.33, electrical 102 conductivity (EC) 0.34 ds/m, and field capacity (FC) of 33 %.
103
The seedlings with and without inoculation of AM fungus-Rhizophagus intraradices were 104 exposed to drought stress conditions. For this, the starter culture of AM fungi was maintained 105 and multiplied with maize seedlings in pots with autoclaved soil and sand in 1:1 ratio. The 106 numbers of spores present in the inoculum were counted and 2 g of inoculum (50 spores g 
111
The experiment was carried out in a completely randomized design with three replications of 112 each treatment.
113
Initially, the seedlings were irrigated with tap water to 100 % field capacity (FC) for one month.
114
Later, water stress treatments were given by maintaining the soil water status to 100 % (well-115 watered), 60 % (mild stress) and 40 % (severe stress) of . To achieve the soil water 116 status at 60 % and 40 % FC, pots were allowed to dry to reach the required level. During stress
Morphological parameters of finger millet seedlings
125
After drought treatment, randomly selected seedlings from each treatment were used to measure 126 the plant height, number of leaves in plant and root length. Shoot and root dry weights of plant 127 was estimated after drying at 75ºC for 48 h in oven until a constant weight was obtained.
128
Phosphorus content in seedlings of all the treatments was measured in oven dried samples (20) . 
Estimation of root colonization
130
Mycorrhizal colonization percentage in roots was measured according to the established method.
131
Briefly, after washing with distilled water, roots were cleared in 5 % KOH solution at 95 °C for 
Chlorophyll content in leaves
136
Chlorophyll content in the leaves was estimated by adding 0.1 g of finely chopped leaf samples 137 in 7 ml of dimethyl sulfoxide (DMSO) followed by incubation in water-bath at 65 º C for 30 min 138 until green tissues turned colourless (22) . The cooled samples were filtered, and volume was 139 made up to 10 ml by adding more DMSO. After vortexing for few seconds, UV light absorption 140 was measured using spectrophotometer (UV/Vis-1800, Shimadzu, Japan) at 645 and 663 nm. 
Determination of proline content
148
The proline content in finger millet tissues was determined by previously described method (24-149 25). Briefly, for this 0.1 g of fresh plant tissue was homogenized in 1.5 ml of 3 % sulfosalicylic 150 acid and centrifuged for 5 min at 13,000 rpm. The supernatant of around 300 μl was transferred 151 into a new tube followed by the addition of 2 ml each of acid ninhydrin [1.25 g of ninhydrin in 152 20 ml of phosphoric acid (6M) and 30 ml of glacial acetic acid] and glacial acetic acid. The 153 mixture was kept in water bath (100 º C) for 1h, and immediately cooled on ice. Toluene (1 ml) 154 was added to the reaction and vigorously mixed for a few seconds. Toluene containing 155 chromophore layer was removed from the aqueous phase and kept at room temperature.
156
Absorbance of each sample was measured in spectrophotometer at 520 nm against Toluene 
Estimation of total soluble sugar (TSS)
160
Total soluble sugars from the finger millet tissues were extracted and analysed according to the 161 method reported earlier (26). In short, 0.1 g of tissue was homogenised in 2 ml of 80 % (v/v) 162 ethanol, and vortexed for few seconds. The homogenates were allowed to stand at room 163 temperature for 30 min and centrifuged at 10,000 rpm for 20 min. The resulted supernatants were 164 stored at 4 º C until further analysis. Later, 5 ml of supernatant was mixed with 3 ml of freshly 165 prepared anthrone reagent (200 mg anthrone, 100 ml of 72 % sulphuric acid), and followed by 166 the incubation in the water bath at 100°C for 10 min, after which the absorbance was measured at 167 620 nm. The TSS was determined using glucose as a standard and expressed as mg g 
Measurement of lipid peroxidation
171
Measurement of lipid peroxidation was evaluated in terms of malondialdehyde (MDA) content 172 as reported by Li et al., (27) . The analysis contained 1.0 g of fresh grinded tissue mixed with 5 173 ml solution of 0.6 % TBA in 10 % Trichloroacetic acid (TCA). The mixture was subsequently 174 centrifuged at 12,000 rpm for 20 min, and 2 ml of the resultant supernatant was supplemented 175 with 2 ml of 0.6 % thiobarbituric acid (TBA) in 10 % TCA. The reaction was incubated in 176 boiling water for 15 min, and then quickly cooled on ice. Afterward it was centrifuged at 177 12,000rpm for 10 min again, and the absorbance of the supernatant was measured at 450, 532 178 and 600 nm.
179
The MDA content was calculated on a fresh weight bases using the below mentioned formula 
Estimation of hydrogen peroxide content
182
Method suggested earlier was used for the estimation of hydrogen peroxide (H2O2) content (28).
183
Briefly, 0.5 g of plant tissue was homogenized in 0.1% TCA, and homogenized mixture was 184 centrifuged at 12000 rpm. Later, the reaction mixture containing 0.5 ml of 10 mM potassium 185 phosphate buffer (pH 7.0) and 1 ml of potassium iodide solution were thoroughly mixed to 0.5 186 ml of the supernatant and absorbance was measured at 390 nm. A standard curve plotted using a 187 known concentration of H2O2, was used to calculate the content of H2O2 . condition, and centrifuged at 10000 rpm for 10 min. 100 μl of the supernatant was made up to 1.0 ml with 100 mM potassium phosphate buffer (pH 7.0) and 2 ml of 5,5-dithio-bis-(2- 
199
The amount of ascorbic acid (AsA) was determined from 0.25 g of fresh tissues that were 200 crushed in 10 ml of 6 % TCA (30). The homogenised mixture was centrifuged for 10 min at 4º C 201 at 1000 rpm followed by the addition of 0.5 ml of 2 % dinitrophenyl hydrazine solution. A drop 202 of thiourea solution (10 % thiourea in 70 % ethanol) was S to the mixture and boiled for 20 min.
203
The resultant mixture was placed on ice to decrease the temperature to 25 ºC followed by the 
207
For the estimation of phenols and flavonoid content in finger millet seedlings, fresh plant tissues 208 were collected and dried at 25°C in the dark. The dried tissues were grounded into fine powder.
209
Out of this powdered tissue, 0.1 g was extracted in 10 ml methanol by shaking it overnight at 210 room temperature, followed by sonication for 30 min. The resultant mixture was filtered, and 211 filtrate was used for phenol and flavonoid estimation. For flavonoid estimation 500 μl of 212 methanol extract was added to 0.5 ml of an 2% aluminium chloride solution in methanol (31).
213
Incubation was done at room temperature for 60 min and absorbance was measured at 240 nm.
214
The resulting yellow colour intensity indicated the presence of flavonoids. Standard curve 215 plotted for solution of quercetin at varying concentrations (10, 20, 40, 80 , and 160 μg ml 
Statistical analysis
225
All experiments were performed in triplicate (n=3) and were expressed as average ± standard 226 deviation. The data was analysed using two-way analysis of variance (ANOVA), with 
RESULTS
231
Effect of AM inoculation on morphological parameters and phosphorous uptake 232
To evaluate the response of finger millet seedlings to drought, the seedlings were subjected to 233 well-watered (100 % FC), mild stress (60 % FC) and severe stress (40 % FC) condition for 10 234 days. It was found that length, fresh weight, and dry weight of shoot and root were reduced under 235 soil moisture depletion under mycorrhized and non-mycorrhized conditions (Fig. 1) . However, 236 compared to the non-mycorrhized seedlings, the reduction rate of morphological characters was 237 negligible in mycorrhiza inoculated seedlings. Seedlings height was also more in the case of AM 238 inoculated plants i.e. 44, 40, and 38 cm (18, 11 and 7 % more than non-inoculated seedlings) (Table 1) . Mycorrhiza treated seedlings showed maximum increase in the fresh weight of shoot 240 and root at 60 % FC (mild stress) i.e. 54.46 and 62 %, respectively compared to the control.
241
Number of leaves was more in the cases of treated plants, and highest percent increase was also 242 observed under mild stress i.e. 33 % more than control. Mycorrhizal colonization had significant 243 effect on the root length under severe drought stress, that showed 15 % more root length 244 compared to the non-mycorrhizal seedlings. Highest increase in shoot dry mass was observed 245 under severe stress (40 % FC), and it was found to be 70 % more compared to the control 246 seedlings ( Table 1 ). The results indicated that mycorrhiza inoculum has improved the biomass, (Table 1) . 
Mycorrhiza colonization of roots under water stress
252
In the present study, no colonization by mycorrhiza was observed in non-inoculated seedlings. In 253 the inoculated seedlings, it was decreased with the aggravation of drought stress, and was 54, 48 254 and 25 % under well-watered, mild stress and severe stress, respectively (Table 1) . 
Chlorophyll content in seedlings under stress
256
AM inoculation was significantly increased the total chlorophyll content, even in drought stress.
257
In AM-inoculated seedlings it was significantly more than un-inoculated seedlings, and highest 
Effect of drought on biochemical parameters of finger millet 263
Proline content 264
Because of the drought treatment, proline content was found to be more in leaves of AM treated 265 finger millet compared to the non-inoculated seedlings (Fig. 3A) in control (89.4 % more than control) (Fig. 3B) . 
Total soluble sugars (TSS) content
274
Our results indicated an increase in TSS content with the reduction in soil moisture in both the 275 treatments ( Fig. 3C and 3D ). Soluble sugar level in leaves was more in AM-inoculated seedlings of FW), that indicated the presence of less oxidative damage due to the AM treatment. It showed 288 a 22 % decrease of MDA in non-AM seedings (Fig. 3E) . In the cases of roots, MDA 289 accumulation was higher compared to the leaf tissues. Higher MDA content was observed under 290 60 % and 40 % FC, and that was 18 % and 28 % more in non-AM plants compared to the 291 mycorrhizal roots (Fig. 3F ). These findings indicated that higher degree of oxidative stress was 292 observed in control plants, and mycorrhiza helps in mitigating oxidative damage. 
Hydrogen peroxide (H2O2) content
294
The H2O2 content in finger millet tissues was increased in all the stress treatments, but we found 295 that, in all the AM inoculated seedlings H2O2 level was decreased significantly compared to the (Fig. 4A) .
298
In the ecase of roots, the level of H2O2 followed the same trend of leaves, where AM inoculation 299 showed its significant effect under both stress levels. Higher variation among the control and 300 treated roots was seen at 40% FC, where AM-seedlings showed 16 % less H2O2 accumulation 301 than control (Fig.4B) . In the present study, ascorbate content (AsA) was found to be decreased with the increase in 304 level of water stress, and AM inoculated plants had showed higher ascorbate content than control 305 under all stress levels. In well-watered conditions, the differences in both non-mycorrhized and 306 mycorrhized seedlings were non-significant, indicating nearly same ascorbate redox status (Fig.   307   4C ). With the depletion of water content, AM fungus was more able to improve the ascorbate showed a significant increase of 10 % to 25 % under 60% and 40 % FC, respectively. Roots 309 accumulated less ascorbate content compared to the leaf tissue and no significant changes were 310 observed under mild and severe stress (Fig. 4D) .
311
We also found that, GSH was highly affected by AM fungi; specially in the case of leaf tissue. It 312 was increased in all drought stress treatments, but higher variation was found at 40 % FC with a (Fig.4D) . Root accumulates significantly less amount of glutathione compared 315 to the leaves, while the results were significant and in favour with the AM seedlings (Fig. 4E) . (Fig. 5B) .
328
Total flavanoid content in the leaves and roots was also increased in both treatments with the (Fig.5C) . Results also 333 showed that finger millet roots accumulated more flavonoid than leaves (Fig. 5D) . At 60 % FC, 
15.
Karasawa, T., and Takebe, M., Temporal or spatial arrangements of cover crops to promote 469 arbuscular mycorrhizal colonization and P uptake of upland crops grown after nonmycorrhizal 470 crops. Plant and soil, 2012, 353, 355-366 
